Recently the ability of triterpene glycosides from sea cucumbers to interact with purinergic receptors of P2X family on the membranes of immune cells enhancing the reversible ATP-dependent Ca 2+ intake and therefore modulating (stimulating) the receptor's activity was discovered. As a result the activation of cellular immunity on the organism level was observed. Purinergic receptors are associated with a series of important functions in normal and pathophysiology, thus the searching of its new modulators (both stimulants and blockers) seems to be very important medical and scientific task. The cytotoxic activity of four triterpene glycosides isolated from different species of sea cucumbers: liouvilloside A (1) from Pseudocolochirus violaceus, fallaxoside D 1 (2) from Cucumaria fallax and magnumosides C 3 (3) and C 4 (4) from Massinium (=Neothynidium) magnum against neuroblastoma Neuro 2A cells was tested. The glycosides 1 and 4 were the most cytotoxic in the series (EC 50 5.0 µM and 21.5 µM, correspondingly). Moreover, non-cytotoxic concentration (1 µM) of these compounds inhibited ATP-dependent Ca 2+ intake into the Neuro 2A cells, containing P2X7 receptors on the surface, by 53 and 47%, correspondingly. The ability of sea cucumbers triterpene glycosides to block the purinergic receptors in vitro is first discovered.
The sea cucumbers triterpene glycosides have been studied for a long time. It is known they have a wide spectrum of biological activities, including antimicrobial, immunomodulation, immunoadjuvant and anti-inflammatory properties. In addition, triterpene glycosides applied in a micro molar range of concentrations demonstrate a pronounced membranolytic activity. Previously, it was shown that cucumarioside A 2 -2, isolated from the Far Eastern sea cucumber Cucumaria japonica, demonstrates an immunostimulating effect in nanomolar concentration. The effect is mainly expressed as the activation of the cellular immunity: enhancing of adhesion, spreading and mobility of macrophages, increasing of the phagocytosis rate and formation of reactive oxygen species, increasing of the proliferation rate of lymphocytes, the number of antibody-producing spleen cells and inducing the synthesis of some cytokines [13] . It was also shown that cucumarioside A 2 -2 in subtoxic immunomodulating concentrations activates the sharp and reversible entry of Ca 2+ into cells from the extracellular space. The membrane targets of glycoside action are the purinergic receptors of the P2X family (P2X1 and P2X4 types) that provide Ca 2+ conductivity in the macrophage membranes. The immunomodulatory effect of cucumarioside A 2 -2 is observed due to its action as an allosteric modulator of purinergic receptors, binding to them and enhancing the response of cells to ATP [4] [5] [6] [7] [8] [9] .
The numerous studies indicate a potential possibility of using agonists/antagonists of P2X receptors in the treatment of selected nervous system diseases [10] . So, the activators, modulators and blockers of purinergic receptors are of great interest. However despite the availability of investigations concerning the interaction of triterpene glycosides with purinergic receptors resulted in its stimulation, these compounds have not been studied as inhibitors of the receptors. Hence we report the first investigation of inhibitory activity of triterpene glycosides from the sea cucumbers towards the purinergic receptors. The series of triterpene glycosides from the sea cucumbers, liouvilloside A (1), fallaxoside D 1 (2), magnumosides C 3 (3) and C 4 (4), was tested for the ability to inhibit Са 2+ -conductivity and therefore to decrease the activity of P2X receptors. The cytotoxic activity of the glycosides against mice neuroblastoma Neuro 2A cells (contain P2X7 receptors on surface) as well as their ability to block the Ca 2+ influx into the cells in the presence of ATP in concentration which cause the activation of P2X7 receptors followed by the pore formation were studied. (8) 2018 Pislyaginet al.
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Phyllophoridae. Liouvilloside A (1) was found first in the Antarctic sea cucumber Staurocucumis liouvillei [11] and consequently isolated and structurally identified from the sea cucumber Pseudocolochirus violaceus [12] . The structures of the glycosides 24 ( Figure 1 ) were elucidated using the complex analysis of 2D NMR spectra and confirmed by the mass-spectrometry [13] [14] [15] . All of the investigated glycosides have two or three sulfate groups in the tetra-or pentasaccharide carbohydrate chains. Previously, it was shown that the number of sulfate groups in the carbohydrate chain of the glycosides influences their biological activity. Thus monosulfated cucumarioside A 2 -2 activated lysosomal activity of macrophages, whereas trisulfated cucumarioside A 7 -1 slightly inhibited this activity [16] . Based on these data, di-and tri-sulfated glycosides were selected for the searching of potential antagonists of purinergic receptors.
The aglycones of the glycosides under investigation significantly differed from each other and belonged to holostane type (aglycone with 18(20)-lactone in liouvilloside A (1) and non-holostane type (aglycone without lactone having shortened side chain in fallaxoside D 1 (2) and aglycones with 18(16)-lactone in magnumosides C 3 (3) and C 4 (4)). The compounds with different structures were chosen for comparing their activity and analyzing the structure-activity relationships (SAR) towards P2X receptors.
The cytotoxic activity of the compounds 1-4 against Neuro 2A cells measured using fluorescent probe, fluorescein diacetate, is represented in Table 1 . Liouvilloside A (1) was the most cytotoxic compound in the series. The next in this row, but 4 times less cytotoxic, was magnumoside C 4 (4). Noticeably, magnumoside C 3 (3) was 1.6 times less active than 4 due to the minor difference in the structure (the compounds differed only by the position of double bond in the side chain).
Earlier it has been shown by MTT method that liouvilloside A (1) at concentrations ranging from 6.25 to 50 μg/mL demonstrated little cytotoxicity or lack of cytotoxicity after 8 h of exposure with Vero cells, but cytotoxic activity of the glycoside against these cells was increased after prolonged incubation periods [11] . In our experiments the cytotoxic effect of liouvilloside A (1) against Neuro 2A cells was also observed after 24 h of exposure. The cytotoxic action of magnumoside C 4 (4) has also been investigated previously. The EC 50 values for its cytotoxicity against spleenocytesand the cells of ascite form of Ehrlich carcinoma were 12.23 M and 35.06 M, respectively [14] . The cytotoxic concentration of magnumoside C 4 (4) against Neuro 2A cells was similar to those discussed in literature. For the investigation of the glycosides influence on the activity of purinergic receptors stimulated by ATP the most cytotoxic liouvilloside A (1) was selected.
ATP at a concentration of 1 mM causes a sharp reversible Ca 
Thus, a pair of the most cytotoxic glycosides, liouvilloside A (1)
and magnumoside C 4 (4), were also the most effective inhibitors of Ca 2+ intake. Noteworthy, these glycosides differed significantly by the aglycones structure. The compound 1 with holostane aglycone was more active in both tests. It is known that the glycosides with holostane type aglycones usually have higher membranolytic activity against different cell lines in comparison with nonholostane glycosides [17, 18] . It is also very interesting thatglycoside 4 having non-holostaneaglycone with 18(16)-lactone, although was less cytotoxic comparing with 1, but demonstrated almost the same effect as 1 in relation of purinergic receptors. Liouvilloside A (1) and magnumoside C 4 (4) have linear tetrasaccharide trisulfated or disulfated carbohydrate chains, correspondingly, indicating the significant influence of the sugar chain architecture on the studied activity of the glycosides. However, the aglycone structure also influences the activity, that was demonstrated by the distinction in cytotoxicity and Ca 2+ conductivity between magnumosides C 3 (3) and C 4 (4) with identical carbohydrate moieties and different aglycones structures. Sea cucumbers triterpene glycosides block the purinergic receptors Natural Product Communications Vol. 13 (8) 2018 955 Inflammation is an important homeostatic response in the organism. Purinergic signaling is one of the ways that is participating in the initiation, progression and down-modulation of the inflammatory response. The increasing of extracellular level of ATP amplifies inflammation in vivo, promoting the activation of the inflammatory process through P2X7. The reducing of extracellular level of ATP in inflamed tissues, for example, by stimulating its disintegration, inhibits the inflammatory response in vivo. Given its important role in inflammation, the purinergic signaling system will inevitably provide new therapeutic options for the treatment of inflammatory diseases [19] . Recently, it has been shown that quinovic acid glycosides purified fraction from Uncaria tomentosa is capable of lowering the regulation of P2X7, which in turn reduces the release of the inflammatory cytokine IL-1 [20] . The experiments discussed herein showed the blocking of Ca 2+ influx, caused by a large concentration of ATP, by two glycosides applied in noncytotoxic concentration. So, these substances can be regarded as potential blockers of P2X7 receptors -one of the promising therapeutic targets in the treatment of chronic pain and inflammatory diseases. The present research -is an initial step in the searching of potential modulators of purinergic receptors and therefore requires further studying to elucidate the mechanisms of blocking, both in vivo and in vitro.
Experimental
Animal material: Specimens of sea cucumbers Pseudocolochirus violaceus and Neothyonidium (=Massinium) magnum were collected in Nha Trang Bay, South China Sea. The samples of Cucumaria fallax were collected during the 41-st scientific cruise of the research vessel Akademik Oparinin the Pacific Ocean near Black Brothers Islands, Kurile Islands. The isolation and structural elucidation of compounds 1-4 discussed in [11] [12] [13] [14] [15] .
Cell culture: Neuro 2A cells were cultured in DMEM medium containing 10% fetal bovine serum (FBS) (Biolot, Russia) and 1% penicillin/streptomycin (Invitrogen). Cells were incubated at 37 °C in a humidified atmosphere containing 5% (v/v) CO 2 .
Cytotoxicity assay: The activity of the non-specific esterase was determined by fluorescein diacetate (FDA, Invitrogen) on Neuro 2A cells at the concentration 3 × 10 3 per well. To each well of a 96-well plate, 20 μL of solvent (0.9% NaCl), 20 μL of test substances and 200 μL of cell suspension were added. Plates were incubated in a CO 2 -incubator for 24 h at 37°C. The FDA probe (200 μg / mL) was then added and incubated at 37°C for 15 min. After that, fluorescence was measured at еx = 485 nm, еm = 518 nm using Fluoroskan Ascent plate spectrophotometer (Thermo Labsystems, Finland). All experiments were performed in triplicate. The cytotoxic activity of the substance was expressed as an EC 50 concentration at which the activity of the cell esterase enzyme was inhibited by 50%.
Calcium detection upon P2X stimulation using ATP in Neuro 2A cells: The Neuro 2A cells in a 96-well plate were loaded with 4 μM Fluo-3AM (Invitrogen, USA), dye and Pluronic® F-127 (SigmaAldrich, USA) and incubated for 40 minutes at RT in saline: 140 mM NaCl, 5 mM KCl, 0.8 mM MgCl 2 , 2 mM CaCl 2 , 10 mM glucose, 10 mM HEPES, pH 7.4. The cells were then washed with the same solution but without the fluorescent dye and incubated for 20-30 min to allow the cells to recover. For all assays, the Neuro 2A cells were plated overnight at 3 × 10 3 cells per 200 μL in a 96-well Costar® plate. Cells before staining were preincubated with substances for 1 h at a concentration of 1 M. Using a pipette of NOVOstar, 1 mM ATP (10 μL/well) was added to achieve the final specified concentration. ATP (North China Pharmaceutical Group Corp, China) was added 10 sec later the baseline recording, and the readings were taken up to 50 sec in 1 sec intervals. The standard inhibitor P2X7 PPADS (50 M, Sigma-Aldrich, USA) was used as a positive control. NOVOstar plate reader (BMG LABTECH, Germany) was used to detect fluorescence intensity at the excitation of 485 nm and the emission 520 nm.
Statistical Analysis: Data were expressed as mean ± SEM and p < 0.05 was considered statistically significant. All statistical tests were performed using the SigmaPlot 3.02 (Jandel Scientific, San Rafael, CA, USA) software.
